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The fo]]ow1ng pages-ljst modu]es and 'their corresponding numbers for this -
particular apprenticeship trade. As related training c1assroom hours
~vary for d1fferent reasons throughout the state, we recommenq that _

the individual apprent1ceshap committees divide the otal packets to ' f\ | e
fit their individual c]ass"schedu P : : . . -
" . There are over 130 modules avajlable. Apprentitgg can pom 1ete;the? r 1 - | '|

whole set by the end of their indentured apprent1cesh1ps ome. - o
apprentices may already have.knowledge and skills that are veredj' '
in particular modules, In those ‘cases, perhaps credit cou]d be '

granted for those subjects, allowing Apprentcies to advance to the . N
remaining modules. ,/? _ ' '

N Y g{f { . N |
We suggést the the apprenticeship in tors assign the modules in '

numerical order to make this 1eanpxng tool most effect1ve.
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" SUPPLEMENTARY INFORMATION

. | ON CASSETTE TAPES

.

Tape 1: - Fire Tube Boilers > Water Tube Boilers
and Boiler Manholes and Safety Precautions

\

Tape‘2:_ Boiler Fittirx};s, Valves, Injectors,
: Pumps dnd Steam Traps

'y

Tapé 3: Cambustion, Boiler Care and Heat Transfer
: - and-'Feed Water Types :

- - *- -

Tape 4: 4 Boiler Saf'ety and Steam Turbines

~

/ ?

NOTE: The ve cassette tapes are intended(as.':iditional
‘ erence material for the respective modules, as

(Indicated, and not designat.ed as axe’quired assignment.
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The approntice will'berablé to
describe air compressers and
their construction. . .

i »
A\

e
‘ ~“. -; | . ‘-. f \_'.. u\ .'
, - 131, SR
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| IR COMPRESSORS -- TYPES
. J

v
_ e
Describe positive displacement
. compressors., '

Performance Indicators:

2. Describe dynamic type
compressors., '

3. Describe construction o ‘
compressor parts.
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package.
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« * Complete

goal and performance indicators to find.what is to be learned from ~

o . IS F
vocabulary list to find hew wO‘dS:-th_at “ill_Pe.used:in package. _

introduction and inforﬁétion sheets. o_g,'. _. S  ,‘;§ﬁM
the job sheet. o,
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b ‘Compressed- air has mnay uses around industrial sites. It is used for painting,

o cleaning, pneumatic tool operation, $oot blowing and many other, furposes, Air
, compressors' are an integral part of most power plants. Often they are driyen by -

steam from tbe plant or a steam ‘driven turbine.

‘ Compressors come . ‘in many designs and sizes. A size aqd design is selected‘
.- according to the work to be 'performed by the use of compressed &ir. A plant
- operator must be able to select the appropniate compressor for their 1location.

A basic understanding of the. various types of compressors available will help,
.the operator to make better choices.
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AMr compressors ate of two.basi¢ types:™ - . - . - Yo AR ‘

* Positive di;sp'lacemeﬁt . a L '; SR o B '
* M y " . " ” . ‘A ‘r " ’ Q"‘ 1 - ' - ,_ .' : . “«
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. Positive Displacement Compressors Lo DTS

A positive displacement compressor is onef;_at_cghpteééés;ag&ggiq{ze”ampunp.prf. e el
- air for each stroke or turn that it makes. The.positive displdcément compressot. - - &
may be a reciprocating type which uses‘awCylihdérynhd‘pistggiérkapgemeht ‘or . a | t.e i
rotary type that uses .vanes 6 or lobes to compress “the.<air. --Reciprocating .17,
compressors may be a single acting in which the compression eocurs at one end of =~ . * '
the cylinder. A double acting type compresses at both ends &f the cylinder.. A\ -~

single acting reciprocatina compressor is shiown helnd

1. plate type -'valw)e
2. cylinder
3. cylinder water jacket ‘' -

4. automotive tﬁe piston

cycycyesciclelelere

5. connecting rod.

6. crankcase . e
7. crankcase door

8. crankshaft counterweight
9. oll sc-feen

10. ' low oil pressure a.l}irm_ |
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A double ‘acting reciprocating compressor-is shown. . . - . | L
S : Suction Valves ., S . "

L, . iy 0 o 1% fe
“. Y ‘a“‘
"\l‘ . H o

Discharge Valves .

. Rotary compressors are “positive displacement types. . They can be further
~ classified as: - : S . _ .
w . : ¢ e S A L ' v , . »
SR . #*°Gliding vane _type S - . .
o * Lobe type o ‘ o o : : _ . .
-/ * Screw_type T R . '
4 L. ; .. . : 1
) . _ » . ) ) ‘ . }
The sliding vane type has vanes that fit into radial: slots on the rotor. As the 2
- rotor turns, the vanes are tossed outward by centrifugal force. Air is trapped. - =
.  and“squeezed as the vanes move toward the outlet. - I IR R




T UNTRUCTIONALLEARNING BYSTEMS <~ c - - T TN

L a

i xu g MERG . "
e S - ! 4 . v ’ %

'Di'sc};'arg'e-
K ~ Connection

P
Fhuee

A . Sliding
. — Vane

L}

B © ' BT AR A AN NN L RN NN T SRR
. . - g AN
. . . . N . .

. e o
." ' ' : . T

~ AREY AN AN .\ '\ L : ' |

e N .
\ . kY
)

¢ ' ~ ' o |
The rotary lobe compregsor has lobe shaped impellers that turn: in opposite

‘directions. The interface between the lobes squeezes the air as it moves from
inlet to outlet. ' - : . ' o
niek o omse . Outlet

L
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+ .~ A rotary screw compressor uses two screw shaped roters that mesh as they turn.
Oné rotor has convex lobes and the other has concave flutes that allow them to~
mesh. o ' ' ) : L S Do

s

- . - Dynamic Compressors

A. dynamic compressor increases the velocity of the air and then converts' that
velocity into pressure. The dynamic compressor is subdivided into two types,
; ) . L ‘ [ & : "_ .

* Centrifugal
. % Axial flow' § .

’

The centrifugal compressor draws air into the eye of the impeller and"disgharges

-

8

o . N . . N C . . . . . '
T R W Sy S 3 L o




it from the outer rim of the’ impeller: - The casing has attach®d - vanes that ° 4 o

. PO .

\ : - L

diffuse the air and convert it to-pressure. The dir .is then forced ‘through a '
volute shaped casing to further’ cOmpress 1t. This compressor. operates on .

_centrifugal action of the impeller.

A SNARY
o : - Diffuser Saction C et N
‘ . . . . : : . - ) . . N ) ’ N ) . P
o O O S o
_ e _ R EAN\Y gt A L I . B
. 'Second. ’ ’ ;o ' e R A
 Tolet | - o stage - |
. : et - - . . . R
. \ ¢ . talet - :
' Shan ' . - T I o
Bearing !hln
L} *
. A
. . -
e ? 1 T : . b - .
| ] .. :
Thrust - ) * : T . ' '
Bearing - / . . / L ghatt
N / . Beariog

ﬁh'dt/ * . ) . X ) v 4
8eal ) . - ’
v _ : .
N 3
é \ N
. _ / R
* e a / . | S _ >
S _ N N\ S '
. OUTLET T
' -The axial flow compressor: has a rotor that rotates within a casing. " The rotor
has moving blades that move between fixed blades attached to the casing. ' AMr'is
moved. between the two sets of blades. Its velocity is converted to’ pressure.
. It is constrruct:ed much 1ike a turbine. , R
4 s : 9 4 . R h
N “r . A
L g N *‘ \ . “ ’ ,
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‘Constraction

Compressors are often driﬁén“by exhaust steam from steam generétion plants. In -

that case, a reciprocating steam gngine is used to drive the compressof. It .is
usually mounted on a common bése with the steam engine. In other cases, a steam
turbine may, be used to drfive-the compressor. ' The compressor parts are made,of
.materials that will withstand the pressures of each situation. The parts of a
reciprocating compressor and the materials used in construction are: .
. ~~ . .

% Cylinders — cast iron for gressures up to 1000 kPA. Cast steel for

o pressures up to 6900 kPA and forged steel for pressures beyond 6900 kPA.

() o

IR O ! OOF . :
* Pistons <~ alumihum, cast iron or steel . . N

* Crossheads -~ steel : - o ‘

4

#* Crankshafts — forge&-steel
“” o Nl .

"% Valves -~ alloy steel

Dynamic compressors of the centrifugal type are driven by gasoline engines,
electric motors, steam turbines and gas- turbines. The impellers of a

centrifugal compressor ,are steel castings, -forging or welded construction. .’

Shafts are forged steel and casings are made of forged'steel.
Axial flow cbmpréésors&areadriVen by'steam'or gas turbines. The casings are
madenoz cast steel or cast irow. Their rotor shafts are made of' forged steel..
The axial flow compressor must be constructed to withstand the axial thrust of,
-thé rotating blades.. Axial flow compressors are very much like a reaction

" “\turbine in the way they are constructed. The problems of axial thrust are the

same as that encountered with the turbine, “ v

; - . 4 *
o ’ | o,

10 | o

3
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ASsignmént

K Read the supplementary reference material and study the photographs and
1llustrations carefully. ‘

1

'}* Complete the job sheet.

Y
L}

* Complete the self-assessment and chegk answers.

% Complete the post-assessment and'h%ye insturctor check answers. ' -
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b
OBSERVE AIR COMPRESSORS AT YOUR PLANT SITE - S by
. . ' T ‘ .
#* What kind of air compressors do you see? Classify them, _ f
* How are they driven? )
’
* How much cépacity'(pressure) can they deliver?
* How is air used at this plant? | .
. .
.
<5 ,
4 * &
1. '
&
' . ., , ,
).
( }
~ '(?:'/‘:“
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JSelf
Assessment

1. What is a positive displacement compressor? ' " ' : S
. . _ e \

2. List two types of positive displacement compressors.

3. What does.:F’ble acting mean?

4. List three types of rotary compressors.

‘ .

v D, ' List two types of gynamic compressors.

6. What is a dynamic cOmpressor?
[ ’ ’ PO - '

* & 1. For pressures beyond 6900 kPA, what material should be used for cylinders?
“ ',\
8. What is usually used to drive,axial flow compressors?

. * .
. PR y
L]

9. Which compressor is constructed likévg turbine?

[ .
- . ' . ’ »

10, - Which type of compressor has an impeller that draws ‘air in through its eye
' and' discharges it from its rim? P : .

13
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. , Se ,Assessment
- Answers .

L
One that.compressee a definitomamounn_pﬁ_air;atweachfaxroke“or turn,
_ o / )

1. .
Y Re;iprocating,,xoiary', o o - .
3. Compresses adr at each end of the cylinder. - . P
- . B . * . o .) .- ) "'-
_ 4, Sliding vgne,.lobe. screv
. | ) . -, ’ A ‘ ‘ - | |
i, " 5. Centrifugal, axial flow o | .
. 6. One that increases velocity of ai&xand then converts velocity to pressure .
@ | o .. |
. : 7. Forged steel ' . - ' ® ) ’
' | 8. Steam turbines, gas turbines S ’ '
. + . .o, : i : . ‘ ‘.
9. Axial flow | . C (\ !
10. Centrifugal - | ) . ;
K T o ' : ' !
. : , ’ , .
, , .
W o
€ ) ) . ) !’
\ - g
| ¢ :
;. . » ..,' ' . {/‘
. | /
' :
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Assessment ] L
/ C Matc;\ the following terms and phrases.
‘ N ' : 5, TN :
| A B , s \ ‘
1. Positive displacement = =~ Y A,~@ype_”of_ rotqi'y "compi:es_sor.' ’
2. Dynamic v . . B, A type of dynamic ‘compressor
) o “with an 1mpe11er.
v 3. Double acting - - . C. Used for cylinders of pressures
' Voo A | of 1000 —-6900 kPA L
4;., Sliding vane ' : . D. A compressor that compresses
N | ’ - | - a definite amount of air at ¥

.« " each stroke or turn,

F'J!\

. -5, Axial.<flow . _ _ ' E. Usually made of forged \cmeel o
6. Cast steel - - F. A problem ih'axial flow
' _— ' ' comptession. :

7. ‘Canary - - . - # G, Constructed much like
EB - PV ~ - reaction turbine.

. —_ Axial thrust - : H. A compressor that converts . . .
) " velocity of air to pressure. ’

1

9. Shafts . ' o ? -, A small yellow bird.

10. Centrifugal o . mprespes at each end of the
, : cylinder, _
L
. ’
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| - AIR COMPRESSORS -- OPERATION- AND MAINTENANCE .. .
- ' - . ' ;
- . . ‘
] . ’ ?

The apprentice will be able to - 1.
- describe the operation and

maintenance of air compressors.
” . : ‘ .

! 2‘
"I ) 30

Describe

Describe

Describe

. . 7 ] . . v . .
N . B B i ‘ .
. . - .
- s
.

. | Performance Indicators:

6oolin§.

air receivers., -

air filtpfing.-

o\

. . 4, Describe regulating. - !
.‘._ \ a " ‘ . K]
’ - 5., Describe surging. = ;-
g . ) * o C
o _ « - 1 - - 6., Describe lubrication, .
| Col | 7. Describe maintenance. S
. ‘\- . ‘t‘ . .. oo . . . . ;o ,I LI
g I 3 A |
. .
1¢ .
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“Study Guide
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Read the

-package. -

‘Read the

aRead‘the

\Coqylete

Complete

Complete

goal. and performance indicetors to find what is to be 1eafnee_from

P
vocabulary list ta find new’ words that will be used in package.

1ntroductxpn and 1nformation sheets.

the job sheét. T =
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* _Aftercooler N

* Air filter - ' ., o o ' - P
* Air ‘receiver | b | / | | | |
* Cooltng o
| * Intércooler | | | | | (.
* .Regulation"
* éu;ging ‘ -

‘ * Throttling -governor

‘ * . Unloading device
) 1 .
4
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Introduction

()(WMC < o
AMr compressors must be operated in a manner that is safe and efficient in ‘the
. production of air., As air is compressed to.its maximum pressure, a lot of heat
is deyeloped. THe heat must be removed from the working parts of the

: compressor. Cooling becomes a critical factor in air compression.

. Most maintenance efforts are directed toward keeping the compressor cooled down.

~\\< The heat can cause oils to be cdnverted’into carbon-deposits. - Carbon deposits
and their oil vapors combine with air mixtures to make explosions, So oiling of
compressors must be done with a great deal of understanding and common sense.
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Many small compressors are c d by air pdlled in-from the .atmosphere. Most
large compréssors are water colffed, Water is routed through the cylinder head in-

..jmuch the same way as an internal combustion engine is copoled. The-water travels
‘through ~water chambers that have been cast into the cylinder block and head.

Circulating ‘pumps move the water so that the heat of the cylinder is moved  out

:and - cool water - is available to ‘absorb heat as it develops. As the water
‘collects heat, "it should be cooled by circulating it through a cooling pond or,

" tower before it is“;eturned to. the cylinder.

After compresgion of the air, - it is COoled further before being used, The

cooling of aj -after compression is done in two steps. The first step is called.
intercoolingj‘ .Intercoolers are waterfilled tubes over which the compressed air

' passes, - “When compression is done by stages to get highly compressed air,

intercooling is practiced between stages. The intercooler shell gust have a o,
'drain~tb remove water that condenses during the cooling of the warm air N

A second etep in-air cooling is done in ‘the aftercooler. " After the compression
“is completed, air is cooled some more before being delivered to the user site.

- The aftetcooler is a shell and tube structure that contains the water. . The air
.+ flows over and near the waterfilled tubes and is cooled. The afmfecooler must
’.also be provided with a drain. ' . ‘ .

Air,Receivers Ty °

-

" An air receiver is necessary for maintaining a reserve air supply. The receiver

sho jd be fitted with a pressure gauge, safety valve and a drain cock. .The line,
_ fie receiver should also have a safety valve to prevent damage from operating
the compressor when the line shut off valve is closed

’

. ;r Filters

g

All atmospheric air that enters the compressor should be filtered ‘Filtering

'-¥removes foreign matter that can be abrasive to the compressor cylinder.and other

;paxts. A suction air filter should be used on openings that intake.air.

v
,

_Regulation o i ”"'._ . Ce . . - o

,*fAh automatic bystem should be installed for~COntrolling the output of the
‘¢ompressor. A Variable speed control system helps maintain a constant supply of .
- 7gir in the receiver. The system is controlled by a throttling povernor which -

1

)

5 S .

Ao
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Information

A

‘. N

* ; : 5 _

_ _ ‘speeds up .the compressor when alr pressure drops in the receiver. As the air

. pressure reaches its maximum point, the governor slows down the air compressor.
Another system of. constant speed control uses an unloading device to regulate

air flow\to the r®eiver., :

‘Surging:) ;

Dyﬁémit type compressors have probléms with surging. Due to changes in volume
and pressure, . the air sets up a reverse flow that causes shock waves. This
surging of . air can damage seals, blading and other parts of the compressor.

An automatic blow-off valve can be used to discharge the flow to avoid surging.

:Lubricagion ‘ ' o » ) -
‘ ~ _Most retiprocéting compressors have built in lubrication systeﬁs of the pressure
‘ or ‘splash types. Dynamic type compressors may have a pressure 'lubricat:i_'ph“

' system or be oiled by ring and chain oilers.
- Maintenance

Each manufacturer provides specific instructions for the maintenance of their
' compressors. These instructions should be . carefully followed. - A few
“-maintenance points should be emphasized. ' . :
I.‘ N ‘ . . . T .
* Do not over-oil or spill oil. This causes carbon formation when heated.
Carbon deposits can cause explosions. : :

* Use only recommended oil for the cooling system..
* Always turn onféooling watgr before starting the compression.

* Clean scale deposits from water jackets and fhtercooler pipe.

* Repair leaky discharge valves.

H

R Clean air filters fﬁgnl&rly,

pressors must be mhihfained to minimize-the heat of_compression..‘Routihe .
i ance that will prevent. the development of carbon deposits will ' add
equipWent life ard be much safer to the operatonr. .o ‘, 3 L

!

i
v
}

' Surging can be prevented by keeping the compressor capacity ahove surge limits.

N, 39
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Read ‘pages 8 - 19 in supplementary reference. B .
C()mplése‘- the job sheet.
Complete? the self-assessment and, check answers.
Complete the post-assessment and liave the instructor check your answers.
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> Job Sheet = |
. -l | | 7 |
. COMPLETE A MAINTENANCE CHECK. QY AN AIR COMPRESSCR g ’
'; * Obtain the manufaéturérs manual on the air compfessor. ' |
* Conduct routir_tg maintenance ch‘eék folloWwing the maﬁﬁfacturers directic.ims.
. * Observe' . -‘ | | )
- 1Is 'there evid_enc'e of over-oiling ox; 611 sl;ills? d
' - .Locati-on of safety valvés. and shut-offs valves.
v _ — Location of intercooler, éfte‘cooler_ and reJeiver.
| - Type of compressor, size, réting. L ‘ - - -;
i
|
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How are large compressbrs usually cooled? »

ﬁbw is water méved through the cylinder heads? =

The first step in the cooling of compréssed air is called . .
The second step in cooling of compresséd air is called | .

Where does the air go after being cooled? o+

©

Why should air be filtered before it enters a compressor?
. > A ‘

[ S

| ]

A variable speed control system is controlled by a

N\

A reverse flow of air that causes shock waves in the air compresaion system"'

is called - . | B

10.

What are the, results of over—oilinﬁfg;.bpilling oil-in the air compressidn?.

Why should the line from cOmpreSfor to receiver-have a safgty valve?.

- | . ‘ : X
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oSelf Assessment -
~Answers

'H N.._.Wm

Water cooled
Circﬂlating pumps
Intercooling‘
Aftercooling
Alr réEeiver

-

Dirty air is abrasive to the internal parts of. the compressor . It causes

excess wear on cylinders, valves, etc.

Throttling and governor T - - o .
‘Surging

0il and heat{;reate carbon deposits, Carbon deposits and air .can cause
explosions. ° o

. - : .
If it has a shut-off valve, it should also have' a safety valve. The safety
valve protects the pump from overpresaure when the shut—off valve has not
been opened. : _

A4
»




10.

]

Alr receiver 7

Aftercooler

- Circulating pumps

Filtering
» v
Throttling governor

Intercooling

Surging

Dynamic type

A

Reciprocating type

Carbon. deposits

Controls a‘variable apeed
cont;ol system.,

I
Oiled by pressure system or
oll and ring system:.

Shock waves caused by reverse
flow of air in compressor .

0Oiled by pressure or splash
systems.

The second step in cooling
air after its compression.

Caused by oil that has béeh,
overheated.

Prevents wear duye to

abrasive action.

Should be fitted with a
safety valve, pressure ‘gauge
and drain cock,

Moves water through cooling
systen,

The first step in cooling of
air and often used between
stages of .compression,

"
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.Supplé‘mentary
References -

* Qorrespondence Course. Lecture 6, Section 4, Third Class. Air C‘ompréssora-.
Southern Alberta Institute of Technology. Calgary, Alberta, Canada.
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'SOUTHERN ALBERTA INSTlTUTE OF TECHNOLOGY
CALGARY ' : ALBERTA

»

f - Correspondence Courses
| Power Engineering

Lo : ~

- . . - .-.'« ’ . .
SECTION 4 . j ‘ Third Class
' ' ' - : ~ Lecture 5

PRIME MOVERS AND AUXILIARIES. -
T - !

i

AIR COMPRESSORS I

i

Almost v«dithout exception, every industry, whether manufactur'ing,
process, or power producing, finds many uses for compressed air. .
. ) f . )
Some'of}’these uses are listed as follows:

1. }:Ylotivc power for grinding and sanding tools, dI‘lllS wrenches
iveting hammers and chipping hammef‘s ‘

T 2. ‘Motnv.e power for air motors which drive hoists and winche‘s.
3. Blast cleaning or sandblasting of surf

':'4. Spray painting.
5. Engine starting as wi‘th diesel engines.

6. Conveyor systems Whlch move powdered and granular materials
by means of compreased air.

7. Control systems where compressed air is used both ag a
signalling medium and also to power actuat{ng-devices such
as alr cylinders. ’

8. " Atomizing of liquids such as oil for use as a fuel and water _
for use in hiuglidifying.

9. Soot blowing for boiler furnaces.

10. Mixing or agitating materials for a process.

‘h L . o o ‘ | : e




. . N
, _ Using compressed air to drive tools and

er machinery has ccrtain ,('
advantagcs over the use of electricity or steam '

these plrposes.

o o oo, Compressed air machines can not be damaged by OV(,I’loadlng as 0
_ ~ can electric motors. When the load is too great, the compresscd
' air machine simply slows down or stops. E
_ 2. Air driven hand tools are lighter in weight than the electric . /A -
. L » | ) .
' 3. Air driven hand tools do not become hot after thenslve use as ,
do the elcctnc type. . : - . 4
“4.  No danger to the oporato'r of electric shock K ' .
e _ 5. Comprcsscd air machinery may be used in explosive atmospheres o Ce e
: without hazard because they are free from sparking contacts, . P
- . A ¢

e

6. Transmission losses are less With air than with steam. since none
_of the air will condense in the pipelines as is the case with steam.

7. Less danger of personnel being burned from contact with air -
"~ piping compared to steam piping. : o

k- < ¥ Y

IR -' ()n the other hand, ckmpressed air tools are us‘ally more expensive - ( j
' than are electrically driven tools and air transmission piping is more. : SR
' (‘XpL‘nSlVL‘ and morc.difficult to install than electrical Wiring

4

Air Compressor Classification _ L L A
. ry J . .. . ) v . K N l:‘(

There are two main classihcations of compressors, namely, the
pasitive dlSplaceant types and the znamic types. -

i
.. . ]
.

. With the positive displagement types, the air islcompressed_._by, the
pushing action of" pistons or vanes or lobes. ~ P '

With t'hedynamic types, the air is f’lrst accelerated by impellers or o
l_)_ydcs and then the welocity of the air is conyerted to pressure in a diffusing o ( -
.secetion., : . L P e _

n

!

This lecture will deal with the positive diplacement compressors ang
“the following lecture wlll deal with the’ dynamic types and with .compressor |
‘auxiliaries, )

\

' i Y
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ENT COMPRESSORS - = v S

Positive displacement c&mprésaoxss are so called because a definite
amount of air.is compressed for'every stroke or revolution of the compressor.
They may be divided into two general types: reciprocating compressors which
employ pistons and rotfry compressors: which employ vanes or’lobes.

( «  POSITIVE ®ISPLACEM

. Reciprocating Compressors + =~ S

* : - A reciprocating compressor is one in which the air is compressed by a-
piston moving in a reciprocating manner within a.cylinder. The cylinder must
- be equipped with intake and discharge valvés to control the flow of air entering
and-leaving. This type of compressor is used ing wide variety of applications
- including power plant service and- cgmmercialy jndustrial, and mining instal-
lations. ‘It is'suitable for all ranges of pressure. . A . :
o ' R'eciprocatingcompressors are made in a variety of designs or arrange-
~ments- and may be divided into types according to: whether they are single- or
double-acting, cylinder arrangement, method of compression, 'and method of

drive.

.
' . R ’ E R 5 . _ ! L] .
s ) . « - . ' -
‘ ) " : . ‘ . N H . R . .
B '
.

S.ingle- or Double-acting.

With the 'sihgl’e-écting type, compression takes place at one end of the
cylinder only, therefore there is only one.compression stroke for every crank-
B « shaft or flywheel revolution. ‘ B
b ! . _

K} . . ) ‘ "

1 L g - With the double-acting type, éOmpression take® place at both ends of
' - the cylinder and therefore there are two compression strokes per revolution.

-+

A single-acting compressor.is illustrated in Fig. 1, while Fig. 2 shows
the arrangement of a double-acting compressor cylinder. '
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- Single-acting Compressor (Colt Industries). ‘.‘
Fig. 1 '
Referring to Fig. 1, the numbered parts‘are.as follows:
. % . . ‘ ' . . o
1. plate type }'Valve 6. crankcase b _ . v
: . - L
" 2. cylinder ' - 7. crankcase door : e //
I. . . . /
: 3, cylinder water jacket 8. 3 crankshaft counterweight . S
4. automotive type piston 9. oil screen - // "
5. connectingrod. - 10, low oil pressure alarm - /’. ’
In this single~acting compressor, the air is8 compressed during the L -
upward-stroke of the piston. -During the downward stroke, more air is drawn SR
. into the cylinder. | ' ' C to - ‘ %
PE3-d4-5-4 o j ' S o ‘ .
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Discharge Valves
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Double-acting Compressor Cylinder (Worthington Corporation)
Fig. 2
) : : S
Referring to Fig. 2, when the piston moves to the left, a partial vacuum
. 'is formed in the right end of the cylinder and air is drawn in through the right
hand suction valve. At-the same time air is being compressed by the piston
. and forced out through the left hand discharge valve. When the piston’yeverses
and moves to the right it will compress the air to the right of it and force the -
air through the right hand discharge valve. At the same time air will be drawn
_ - into the cylinder through the left hand suction. valve. e l o .
. - , | o
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LCylinder Arrangement - . : w»
. . . . ’ -

Varioys eylinder arrangements are used in reciprocating compressor
design. The compressor eylinder may be arranged with its axis vertical or
horizontal, or in some cases, where two cylinders are used, one cylinder
may be vertical and the other horizontal. ‘e latter arrangement is known
as an angle compressor.  Still another arrangement is the V or Y type, which
hits two eylinders with their axis at an angle of 45°. . S ‘

t
i - ' .

The compressor in Fig. 1 is a vertical type, while Fig. 2 is 4 horizon-

tal type. Fig. 8 shows an angle compressor and the Y type appears in IFig. 4.

(*

{

Mcthod of Compression

e . .
] . 7

. For compressed air pressure up to 850 kPa or. possibly 1000 k Pa, the
air is compressed to the desired pressure in one cylinder which may be cither
single-acting or double-acting. This arrangement is referred to as single-
stage compression. '

M -

A FFor pressures fram 1000 kPa to about 6900 kPa the air is compressed
first in a low pressure cylinder and then further compressed to the final pres-
surc in a high pressure eylinder. This arrangement is known as two-stage
compression.  The eylinders may be cither single-acting or double-acting for
sizcs below 150 kW. Above this size the cylinders are usually double-acting

type. S S "

.

For special applications where pressuressabove 6900 kPa are re- _
quired, the compressors used, may have up to six cylinders in series. A com-
pressor having six cylinders in series would be referred to as a six-stage

compressor, and in this case, the highest pressure cylinders would be single-

acting. , ‘

The compressors illustrated in Fig. 3 and Fig. 4 are bpthtwo-stage
compressors cach’having a low pressure and a high pressure cylinder.

PE3-4-5-6
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Angle Type Compresso:r (ﬁennsylvania Pump and Compressor Co.)
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" %, :
Method of Drive .
. The four brincipal driving methods for reciprocating. compressors are:.
by electric motor, by internal combustion engine, by steam engine, and by
~ steam turbine. : ' ’ S ‘ '
1. Electric Motor Drive o
Electric:motors are commonly usged to drive all sizes of rccipro~ ’

cating compressors.” They may be connected directly to the compressor shaft -

or they may use belts or speed reduction gears. ' : '
PES-4-5-8 | ‘«
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< TPig. 5 shows both a side vim& and an end view of a horizontal, two-stage,
double-acting angle compressor, which is dircctly driven by an electric motor,
The motor is bolted by means of & flange to the compressor casing (flange

.

A} mdunted) and the motor rotor is keyed to the compressor crankshaft.

S " The nimbered p;u'ts in the .illustrgqi
1'. discharge valve - 14.
) 2. pistor}ll rod packing 15.
i d.  piston rod oil scraper 16.
4, piston rod . . 17.
’ ' 5. ‘i‘nte_rcoolcr ;18._
" b cylindér water jacket ,. '-19.
7. crosshca.d' | ) . 20.
: 8. crosshead guidcs 21.
, - % oil leve) gage L 22,
10. - low pressure piston 23.

11.

12+ detail of teflon piston rings 25.

13,

high pressure piston 24,

inlet valve

-

are as follows:-

! 26.

N

suction connection

' clearance pocket -jit shown

crosshead pin

connecting rod

crankpin bcar;ing
cylinder lubricatorx

oil filter

oil pump

roller type main bearings

crankshaft counterweight

- crankcase n '

bearing support

-«

frame mounted motor

If oil-free air is desired then the compressor pistons would he fitted
with teflon piston rings which require no lubrication. If oil-free air is not

- oy

The compressor in Fig 6 is n horizontal single-si,
typg. which is motor driven by means of V-belts.,
. tspeed reduetion device to bring the motor speed,

required then ordinary piston rin
(19 in Fig.

H) isl-,uso.d.

gs arc installed and a eylinder lubricator

down to a speed suitible for a reciprocating compresgsor, say 300 rev/min.
¢ . ’

PR3 -4-5-10

t

¢4

age, . double-acting
The V-belt drive is used as
which may be 1800 rev/min

- o -
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Single-stage, Double-acting Compressor (Ingersoll Rand)

Fig. 6

-

* ’ Balanced Opposed Compressor (Clark Bros. Co.) - ]
Yig- T T  /PE3-4-5-11
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R - The compressor shown in Fig. 7 makes use of a cylinder arrangement 3
featuring the balan¢ed/opposed principle. Equal numbers of compressor cylin- c -

ders are mounted on each side of a single crankcase with connecting rods from

the cylinders attached to the crankshaft. The cranks are arranged so that ap-

posite pistons are always moving in opposite directions, in this way cancelling

any unbalanced forces. The electric motor used to drive this compressor is ‘

attached directly to an extensiqn of the crankshaft. . ‘

2. Internal Combustion Engine Drive

“Internal combustion engines used to drive compressors are usually
- of the gas fuel or diesel fuel type. The most common design has vertical en-
gine cylinders that drive horizontal compressor cylinders through a common

»

crankshaft. - . ~. e - \

' Gas Engine Driven Compressor (Clark Bros. Co.)

Fig. 8 . )

) The compressor unit in Fig. 8 consists of four hor A
cyh‘ndcrs. These compressor cylinders are driven hy a h:'f:zttgi)lfgr:ypcrl?:g;
engine having eight vertical cylinders. As can be seen in the illustration, both

- the compressor connecting rods and the englne connecting rods are attach'ed to :
a common crankshaft. The gas engine is rated at 1100 kW at shaft or shaft output c
PE3-4-5-12 SR o S | b -
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3. . Steam Engine Drive N ' : /

/

ciprocating air-compressors. It is still used extensively where its exhaust
steam can be used for process, in which case it has the advantage of economy.
A further advantage is that steam engines can be operated efficiently at variable
specdq in order to control compressor output.

It is usual to have the engine as an integral part of the compressor on a
common base.  In most cabes the engine cylinder and the compressor cylinder

arc in line horizontally in a tandem arrangement. Some larger machines have .

the gteam engine vertical with the compressor cylinders horizontal. .Two stage
COMpressors are often driven by cross-compound engines, ’

Other mgachines, instead of using the integral design, have a separate
steam engine which is coupled to a separate air compressor
' »

Stcam Engine Driven Compressor, Tandem
(Pennsylvania Pump and Compressor Co.)

Figh 9
The horizontal,.double- -acting, single stage compressor shown {n

Fig. 9, is driven by a steam engine. The two are arranged in tandem thh
- the engine located between the compressor and the flywheels.

T,

&

The r‘cciprocntihg steam engine is the oldest ‘method of driving re- ‘

I,. , R ', PE3-4-5-13
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Uniflow Engine Driven ConjpresASOII" o , , o :

g "+ . (Clark Bros. Co.) . : o S K

! : . . ::/ '.‘_- .'l/ : K v),__‘ . . t

Fig. 10 % N o 7 S

B B . 1 . . . . i -
, L . . ) R co
. . S ; .

ders which dge driven by six vertical stéam ‘engihe cylinders by means of a e
common crankshaft. - Both the compressor ¢yling £rs anf the engine cylinders - '
are double-dcting and the engine cylinders empldy the uniflgw princi.g‘l_e L

. | . . ;[.1'.’. . Py : . .‘: ',l ) ) ’ A g

‘ : " B A S

. i RN K . i ) /' I ) " 'v/ /
The vertical compressor in Fig, 11 is driven by a/¢ross~compound’ Yy Lo
vertical steam engine. o T - - )
‘) ! . ’1'

) : Co . The compresgor in Fig. 10 features g’ix'ﬁoriiontal corﬁpressor'cylir}-" - ' ™
\
|

’
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Independent Steam Engine Driven Compressor '
(Belliss and Morcom) -

\ gll

4, Stcam Turbine Drive

Where oil-free exhaust steam is required for process, a steam .
turbine may be preferred for compressor drive rather than a steam engine,
although the steam engine is more economical. As the steam turbine operates
-at relatively high speed, a speed reducing gear arrangement must be used.

L4

'U

Reciprocating. Compressor Parts

"“ _ IR : B ’
. i . . »

e 1. Cylinders _ e -
¢ - C ompressor cylinders are made from cast iron for pressureb up to 1000 kPn )
' or cast steel for pressures up to 6900 l\l’a. ‘Abhove this pressure the material * ¥

used is usually forged steel.
Wh(‘n the compressor is in operation, the-cylinder is heated due to the

heat of ¢ ompression and the friction of the piston rings. It is necessary,
therefore, to remove this heat and to maintain the cylinde r at a reasonable”

i

;;’ operating temperature.  This ig done by means of water-cooling or by air- - | '
* cooling. : ) - - ' /
. ‘ . - : .
If water- coohng is used!then the cylinder is constructed with a chamber ‘
or water jacket surrounding the| Cylmdu‘ b'll‘l‘Ll through which cooling water is =~ -
circulated, . _ o ‘
. C PE3-4-5-15 |
-+ 601 ‘ " ) ! V . . . . . B ‘ . ] .
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If air- cooling is used then tbe cylinder is constructed with- mtegrxl (‘abt .
~ fins ayhich provide increased radiating area. i’ , S c

More efficient cooling is obtained with water-cooling than with air-cool-
" ing.” The air-cooled machine, however, has the advantages of snmple construc~
tion, less piping needed, and no free}ing hazard.:

o

v

A cross-section pf a water Jacketed cylinder is shown in Fxg L2 whxle X
a small motor driven air-cooled compressor is shown in Fig. 13. %

Inle Connect@on

Suction
) Valve ,
g !
~ T
. . ,
.,?Water-cooled Cylinder
+ . Fig. 12 o
\ , -
. o
Dlscharge
/Valve - o
Discharge Connection ' -
_ Air-cooled Compressor ’ ."
. o . (Colt Industries)
, . . 1Y X . )
!. ' Fig, 13" |
q ) v
1.
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' 2. - Running Gear Parts L ' s
L . R B : . | b )
"~ TFhe running gear of a reclproé‘a_ting compressor consists of piston,
©, i piston rod, crosshead, connecting rod, and crankshaft. These parts are illus-
S Yated and hriefly descriibed as follows, - . C ‘

" Pistons may be onstructed of steel, cast iron, or aluminum. Trunk
- type(automotive type)pidtons are used for single-acing compressors. whilc
~ + double~acting pistons m y. be solid or hollow and are normally fitted on the,
-+piston rod with a taper fit against a machined shoulder on the rod and are
locked in place by meads of a nut. [f cylinder.lubrication is used, then piston
rings are of cast iron. 1f oil-free operation is desired, then teflon or carbon
' rings are employed. I : / o

- Fig. 14 illustx_‘atés- two types.-‘ of compre
b trunk-type and the double-acting type.

‘ )

S§or pistons, the single-acting
: A &

Single-acting:Piston

. o Double-acting Piston
- Fig. 14 |

With the single-acting_ piston, the conne
as well, as shown in Fig, 14, while th

cting rod serves as a piston rod
crosshead by means of a steel piston

e double*acting piston is attached to a
rod. - A '

R

o »

The crosshead is of steel with upper and lower bearing surfaces which
contact the erosshead guidbs'. A threaded hole is provided in one end of the :
crosshead into which the piston rod fits. .

- The erosshead pin to which the connecting rod is attached i
rigid in the connecting rod and moves within bearings or bushings
of the crosshead. In some designs, however, the crosshead pin i
fastened in the crosshead and the bearing or bushing is in the co
end, . :

¢
s usually held
in each side
8 securely
nnecting rod \ '
o b ' A o
Fig. 15 illustrates the construction of a compressor crosshead. -

1 N

i

. PE3~4-5-17)
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Opening for  Threaded Hole

Crosshead | For Piston . . .
Pin Rod - _ i
' v . /

] ,/

) f/

Compressor 'Cross,head
1} " . . Fig. 15
‘ : " v ‘ ' ’ v\t:‘ ; .
K I Compressor connecting rods are constructed of forged steel and have

4 crankpin bearing at one end and an opening for the crosshead pin (or for the
niston pin of a trunk type piston) in the other end. - ' ‘

Fig. 16 shows two designs of conngeting'rod and Fig. 17 llustrates a
connecting rod attached to the crosshead pin within the érosshea?i. '

/ .' ’ " -’. | ’ ) . ' , . I"
. / , . .
/’ -
v
-t 7} Crankpin
/ Bearings
o
& ¢ 1
)
o \
| RS -_,' R . ,'é "
] ' Compressor Connecting Rods:
!‘ .\\ | I ' Fig. 16 . ‘ . o
‘ . . , ) . .‘ . . ,4",\.-,‘_. "
. PE3~‘~5~18 _ : T
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. '.if-‘::ne " I - LR
* Crosshead necting Rod L 3 Y
. - . Fig. 17 : - .
13 - .
Compressor crankshafts are of forged steel and are usually made from N

a single forging which has been machined and ground to precision limits and

drilled to provide oil passages for positive pressure lubrication. If order to. .

balance reciprocating and rotating forces, the crankshaft may be made with ,' B
_counterweights as shown in Fig. 1¥, or else it may be the type shown in Fig. - |
19, whu,h has opposing crank throv;s to provide balance. '

.Crank
Throw

’/;BQ_UBI‘ Bea,%ing y

- Counterweight | R | : . L
Counterweighted Crankshaft (Worthington Corporation) |
' ' PE3-4-5-19
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- | Spring ‘Lower Valve .
\ ‘ - Spring - Body :
3 | Disc Type Valve i .
Fig. 20 : - ( j
- .
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Crankshaft With Op})iid Crank Throws |
1

Compressor Valves

Fig.

N\
N

on apressuré difference. Two commonly used desi
type and the channel type.

A disc type valve is shown in Fig. 20

2
v

Upper Valve
Body '

Valve '

Compressor valves are usually the automah(;jtype whxch open and close

s are the plate or disc

~ .,

Valve
Seat

B 4




‘In the dise type valve in Fig. 20, the air entering through the ribb‘cd . .

upper body,. forces the valve discs down against the cushioning action of the * -
spring. T‘he air-then passes through between the valve discs and the valve

" scats and out through the ribbed lower valve.body. .
Fig. 21 ShOVYS the parts of a cha'nnel type yalve. " Stop Plate

PRI JE ITRY

Valve 4 .
Guides : ' .

Y

Port Plate
o
 Channel Type Valve , o s
. ‘ 67 g - '1’1':3-'4-5—2'1 o / |
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' In the

with their passages or openings corresponding. The valve channels fit over

gy

channel type valve the port platerand the scat plate fit together

these openings and are held down against the scat plate by the valve springs

which fit inside the channels and are held-in placé by the stop plate. The air,

entering thro

ugh the port plate, pushes the channels up off the seat plate

ragainst the springs and the afr then passes through the openings in the stop

'pl,atc. Strips of sclf~lubricating material are placed within the ehannels to pre-

vent metal to

[

metal contact between the channels and the valve springs.

o

The I'ree Piston Compressor
A v .

This is & special type of reciprocating compressor featuring a central
.

combustijon ¢

which drives another piston within an air cylinder. One of these air cylinders

hamber of the diesel type. containing opposed pistons cach of

acts as an air cushioning section while the other air eylinder acts as a com-
pressed air produeing section, ' :

Fig. 22 illustrates the principle of operation of the free piston machine.

B
ConBus Tion
CHAMBIN
Cusmion

Crummbia

|
W :
[

PE3-4-5-22
¢

bitsiy -4 A& AtClIvEA

CYLINDLA —\

E avwjen

- ne
VT fl
WLLY roat \ CanFagsson ' ‘y’

SCAVERCL AIM pox (ruworn THE OUTWARD OR FIRING® STROXE
THE IKWARD OR COMPRESSION STROKE :

@) - W)

e

@ vt an
THE OUTER DEAD POINT L R TTTUY I YITIA

G0 ~ conrarsson am

() ' “

Free Piston Engine Rrinciple of Operation
(Mackay Industrial Equipment I.td,)

’

we




Q

Aruitoxt provided by Eic:

ERIC -

[

l: ‘\‘ i - 2\‘ hd . M\'-m..

e

In"(a) n Fig (22, the two opposed diesel prstons move inwardly, com-
pressing the charge d‘&:m‘ Urapped between them. At the Same time the inner
-side of the large compYessor piston is forcing air into the scavenge air box \
below the prston rod while A is heing drawn into the compressor evlinder on ’
“the outer side of the compressor piston. Near the end of the compression
stroke., l’u:'l is injected and the power stroke begins.

0

-
he

In Fag 22 (b). the power stroke s taking place. in which the dicsel
pistons are foreed apavt. This causes the large compressor piston Lo com-
press the air in the compressor eylinder and deliver it to the air recejver,
while at the same time scavenge air is being drawn into the eyvlinder on the
inner side of the compressog piston At the-other end of the machine | the

o cushion piston is comprdssing the air in the cushion exlinder and this com-

pressed air will act as a flywheel to foree the pistons together again.
. .

Fig. 22 (¢) shows the end of the power stroke with the inlet port and
the exhaust port-for the diesel eylinder both uncovered. Scavenge air then
lows {rom the seavenge air box into the diesel eylinder and the exhaust #
gases arc expelled through the exhaust port. The compressed arr in the
cushion cylinder, as mentioned, now forces the pistons together again as
shown in (a) and the cycle is repeated.

I'ig. 23 depicts the general arrangement of the frec piston compressor e
e

pirts. Note that two fuel injectors are used, one at the top and one at the \;‘:
bottom sides qf the diesel eyhnders.

Rotary Compressvors

7’
. Like the reciprocating compressor, the rotary compressor is elassed
as a posifive displacement type  Several different designs are in usce the
most common being: the sliding vane type, the lobe type, and the screw type.

I The Shiding Vane Compressor

/

’ The sliding vane compressor- consists essentially of a eylindrical

rotor having radial slots into which sliding vanes fit. ‘Fho rotor is contained
within a water jacketed eylinder or casing and is supported by bearings so

that it is eccentric (o theteasing.  As the rotor turns, the sliding vanes move
out against the casing wall due to centrifugal force.  Pockets of air are

trapped between the vanes and the wall. These pockets deerease in volume, |
duc to the eccentricity, as the vanes move around the casing from the intake !,
to the discharge and in this way the air is compressed

L34 -5 -2ih
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Flg. 24 shows a sectional view ofthe casipg and rotor of a sliding vane
compressor, . Co _ W, .
Discharge - N
Connection \»\‘ b
. |
‘Sliding o |
Vane V) ‘

Rotor . \ """" Y 57

\ e £ 11014
L4 " ' ’
. N N N
.1 }(J\\‘
» : i
* RN N CWANNN Y ‘\\#ij~ \\

. Sliding Vane Compressor, Scctional View
(Allis Chalmers)

Fig, .24 : *
A two-stage sliding vane compressor is illustrated in Fig. 25. The air
is first compressed in a low pressure compressor and then flows through a v

shell and tube intercooler to a high pressure compressor. The two compressor
shafts are connected by a flexible coupling and the drive for the unit may be ap-
plicd at cither the high-or low pressure side. :

" The operating speed of this type fanges up to 3,000 rev/min ang the most
common drive is a direct connected induction. motor. Steam turbines and inter-

. hal.combustion engines are also used with speed reducing or increasing gears .

where necessary., Discharge pressure may be as high as 1000 kpa.

Luhy'igntinn is provided under pressure by a belt driven lubkicator to
bearings and to eylinders, o ' ' :

The sliding vane compressor is less efficient than the reciprocating.com-
pressor but it has a lower first cost and produces a steadier flow of air, Inad-
dition it has low starting torque requirements because on starting, compression

- ddes not begin until sufficient speed has been reached to cause the vands to move
. out against the cylindqr wall due to centrifugul force.

' . Another important advantage of the sliding vane compressor is that it
does not require inlet or discharge valves. This advantage is common to all

I

rotating compressors., _ R
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2.  The Rotary L_obe' COr'npvressﬁor A A al |

i

The gener al-"conSFruo'tion of a rotary.lobe compressor is showa in Fig.
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The lobe comprossor has the advantagos of being compact and requiring

_no inlet-or discharge valves. In addition it produces an even flow of oil free

nir

. | : I .o B

, 8. The Rotary Scmw Compressor SR

¥

The rotary screw com.pressor features two intermeshmg rotors con-

~tiined within a close fitting casing.” The male rotor’ has four convex lobes and'

the female rotor has six concave flutes: As the rotors turn and intermesh,
the air is compressed and forceéd out the discharge. .The rotors do ngt come

" in contact with each other or with the casing thus internal lubrication is not

required. Tha male rotor is"ustally the drwen one and it in turn drives the
fcmule rotor by means oTtiming gears, L -

Fig. 27 shows a smgle~stage rotary screw Comprebsor with the top
h‘llf of tho casing removed. :

X
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opcr;ttu'frnm 3000 rev/min to 127000 rev/min. Due td this high speed they T
may be driven directly by steani or gas turbines. If an induction motor is "~ .
used then @ speed increasing gear is normally required. - o T R

v

“The sing_leh-st_age 't'y-‘f).e will develop discharge pressures to about 700 R :

kp;( gage ahd for pressures above this, multi-stage designs are used.

Wy

The advantages of the rotary screw compressor are similar to those .. - 4

of the straight lobe type. They include compactness, vibration free operation, o %)
smooth flow, oil=free air, and nd’suctiog or discharge valves required. How~

ever, like other rotating types., its efficiency is less than that of a reciproca-

ting type.' . _ . . e FE.
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The rotary serew compressor is suitable for high specds and may ™ o AR




»  Third Class

o

:‘..‘1\,_."_ S T T _ o ' \Sect. 4, -Lect

T ks f , ".:'ff{,, I G I)isouss the advantages and disadv:ﬁuages involved in the use of -
AT T corripressed air over the use of steam and electricity. . '

\ Lo I:.xplum what is meant by the terms: single-stage compressxon,
e ' o '»," two—étage COmpressxon, single-acting, double-acting. - »

. v w - B Mdke ar simple single line sketch of a double-acting reciprocatmg
5 Wy v ' COmpressor cylinder -and describe its operation.

R i 4;: Déscrtbe two methods of reducing unbalanced forces set up in a
) ' .rcclprocatmg comprcssor. ) :

Y T PR N |
R b , 5. Describe two methods of cylmder cooling used for air compres—
e " e sors and glve the advantages and disadvantages of each mcthod
‘ TR S Descrxbe the construction and operation of an automatlc"type of
. a0 UL valve for d compressor. - o T

o C e T bketch a Sectional v1ew of a shdingr vane compréssor and explain
c ( L ' 1ts 0peratlon~ \ B
g :' ' Dcscribe the construction and operatlon of: e T

g Sy A
. . 1
- R 2

RS "".:'_f" @ "--Air'otary lobe compressor, . . - B

SRS ﬁi? ; o) A rotary screw ‘compressor. - . . BRI

SR Discuss ‘the advantages and disadvantages of rotary compressors
as compared to reciprocating compressors. . ) ,

B 104 DCSCI‘lbe bﬁefly the 0peratxon of thd free piston compressor. e
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. cshapud casmg where'a. furthel converanon of vclocnty nto prcssurc tak(,s place

SOUTHERN ALB! R'IA leTITU’I‘L OF TbCHNOI ()(:Y ‘

CALGARY =, | . ALBLRTA_. | o,

"m; ey o ' Correspondence Coukses

S E ' Power Engineering ; :
, S v . R
CSECTION4 T - .. " Third Class

T . Co : . Lecture 6 -

Z ZPRIME MOVERS AND AUXILIARIES . A
.\ - BN

'

“AIR COMPRESSORS 11
, -

T

.
Ve

DYNAMIC COMPRESSORS = . AT .

'I/hc term "dyn' mnc" is used to describe those compressors which use

__blades or vanes to give velocity and then pressure to the air. There are two

general types or designs; the ¢ entrxfuga and the axxal flow. , . ~

Thc Cenlnfugal Compressor . PR TP . o N

o This compressor is similar in operahon and construction to a centnf-
‘ugal pump. "It consists essentially of an 1mpeller which rotates at high soe{;%

5

‘The impeller is surrounded by a volute shaped casmg and, in many cases,

a ring of diffuser.vanes in addition to the casing. "Air is drawn in at the centre

or eye of the lmpviler and is discharged at the impeller periphery with high \

velocity due to ccntrlfugal force. On leaving the 1mpe11er -the high velocity ‘
« air passcs through the diffuser vanes attached to the casing'where some of the

-air vélocity is converted to pressure. The air then passes through the volute \

! A .smg,lc stage v(,ntnfug.ll cnmpx (‘h&()r Lh:ll is: ono Wwith a smg,lo impel- =~ » \
lei - may be able Lo compress atmospherje air to apr CESUIG of about 350 kPa.  ~ ° ¢

. For hlghm pressures. @ multlst.xgc oomprosun i5: Ub(‘(l h.wnm,, '-l(‘VL‘ldl 1mpv1* .
lers pluve(l on.a ¢ommon thft N Lo e 'y e -

: o
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vanes.
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Discharge

Volute and Diffuscr Arrangements

-

o 2._.

1 show the arrangement of a compregsor having a
volute e asing only and a4 compressor having both a volute casing and diffuser

Dischargo

Oif fuser
Vanas

Fig. 1

dlffust,r vanes is illustrated in I‘lg 2,

P!

<462

Single-stage Volute Compressor (Allis Chalmers)

"

Fig. 2
§0

L4

204052

»

'

L3

.

A single~stage centnfugdl compressor havmg a volute casing but no

-
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‘'he -numbered parts in Fig. 2 are as follows: ' _
o 4 . : B “
1. Inlet nozule | N 6. Locknut and washer - \\ -
2. Casing : T, ‘Lead sealing strips
5 3. - Impeller . 8. Extended motor shaft
' 4. Back plate 9. . Base plate
5. Shroud 10. Motor .
'b_ ’ : N : : o ‘ ~
I'ig. 3 shows a single-stage compressor having both diffuser vanes and
a volute casing. - = - ’
Aﬁjunuble
Diffuser
Vangs
o\
lmpollo.r ”
¢ . Adjuatalio
) — Inlet
Vanes 4
|
L |
I  Centrifugal Compressor with Diffuser Vanes
, (Wortmgton Corporation)
: Fig. 3 " -
[ 4

: This compressor (Fig. 3) hés several features. The impeller is the
over-hung type which is mo hted on the shaft end and which results in only.one
shaft geal being required=.T

]

e diffuser vanes are adjustable in order to change’
the operating characteristics of the compressor when required. "In addition,
adjustable inlet vanes are provided in order to control the amount of air flowing
to the impeller and thus the capacity of the unit. THe impeller itself is equip-

vped with vanes at the eye and these are shaped in such a way to provide shock-

less entry ¢ the impeller. :
' R PR3 -4-6-3

N ST oOPY AVAILABLE
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' uu/ Fig, 4 shows a sectional view of a two-stage cent
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p Centritugal compressors are commonly used for large volume, low
. ( . pressure applications and have the advantages 8f simple and rugged construge-
R ton and low maintenance requigdments.  Also, as they do net require internal
Tubric: wion, they supply oil-frecair. Their efficiency, however, is 1ower than '
the positive displacement type and they are not“suited. for low eapacity work.

Drivers which are commonly used with centrifugal compressors are
. S steam turbines, gas turbines, clectrie motors, and internal combustion engines,
As centrifugal compressors require to be driven at high speeds they are driven
directly in the ease of steam and gas durbines but speed increasing gears are |
n-qmrvd when electrie motors-or internil combustion engines are used.

: Centrifugal comprgssor impellers are uqually made from steel and are
. cast, forged, or fabricated by weldmg "'I‘ho rotor shafts are of forged steel
. _ and the casings of cast steel. Forfressures below 6900 kPa the horizontal
split type of casing is used, while{above this pressyre the barr®l type casing
is favored. Ly ' '

The Axial Flow Compressor ' ' L R

In basic de8ign the axial flow comptessor is similar to a reaction tur-
bine having moying blades attached to the rotor, alternating with fixed blades
attached to the casing. As the rotor turns, the velocity and pressure of the
air is increased in the moving blades. When the ait passes through the fixed

. blades its pressure is further increased by conversion of yelocity.

( Each pair of moving and fixed blades constityteés a stage. The pressure
. rise per stage is small, so for high pressures a large number Qf stages are
required. - . _ _ : e

! A ¥

"l‘hc skcteh in Fig. 5 shows a sectional view of an axial flow compressor.
: ) .o S \
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Referring to Fig. 5, ityean be seen that the air enters at ope end and c '

flows in an axial direction td the discharge at the other end; 'hcn(:c'tht_e name
raxial flow", . ' ' : \ o N
: - ' '
A large axial {low compressor with the upper wising half removed ap
4 . N

pears in }“ig. 6. 9

?i‘_f": ’

A

-

: Axial flow compressors have similar advantages to those of a\e centrif-
. : ugal type with the added advantage of higher efficiency (10% greater). However,
the axial flow compressor blades are subject to corrosion and erosion to a
greater extont than are the impellers of the centrifugal type. ' ‘

Steam turbines and gag turbines are usually uged to drive axial flow
compressors. Electric motors and internal combustion engines are sometimes
used and in these caseg, speed increasing gears are required. '

4 . . « N . P

Drum type rotors with forged steel shafts holted to the drum ends are
._ | normally used for this type of compressor. As with the reaction turbine, there

o i considerable axial thrust produced and a dummy piston is an integral part

\ of the rotor. . _ : oo SR —
. - 1 ’ : . _
: Compresgor casings arc of cast iron or steel. ' . .
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sSurpging | o s : T ‘\.
Both the centrifugal compressor and the axial flow comprossor are

. subjec l to o (omhtmn known as huxgmg or pumping.

. | % :’\
_l)rcssure-vol'umc Curve for ,
Ceontrifugal Comprgssor N ‘ o

' Fig. 6-A _ )
N T |

In the case of the centrifugal compressér,-”iifmn be seen from the
pr(-ssuu'-volumc curve in'Fig. 6-A, that at low volumes (low flows or capaci-

ties) the pressure drops 8ff. This means that'if the volume or demand is to |
-« the left of the point marked "'surge limit" on the curve thcn the compressor e
will not produce a pressure equal to that in the systein. “A reversal of flow A 1

will oceur and air will flow from the system back to the compressor. WA soon.
as this occurs the system pressure will drop and the comptesgor will begin .
discharging again to the system. These events wxll occur r: dlv as a cycle i
and this is known as sur ging. ~ L

Surging pr()dlI(‘ 5 severe bh()(,k to th(, system and may be vi¥,uw-4‘3nnugh
to damage compressor blading, shaft scals and even the shaft itsol

To prevent surging, the capacity of thé (.,()mp'(‘(‘bb()l‘ must ndt be allowed®
to fall below the surge limit. One method used is to open a discharge line blow-
“off valve to the atmosphere when the flow through the compressor decreasas )
" to near the surge pomt The blow-off v41v0 can be operated automatically by

means of a flow meter. = | ‘o . y
4 . . . v ¢
T'he axial flow compressor lsj even more unstable than the centr lfugdl
type, as |ts surge limit occurs at hnghor flows vmn does t‘ho centrifugal. -
S ) ' - “
s 'l' N ... . ' .f.
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'ﬁlR COMPRESSOR AU'Xhll,l’ARll-)SA g
P~ * | *
. The following paragraphs desc ribe vafious auxiliaries necessa ry for the

efficient and sale operation of both the dyn.lmw and the positive displacement
COMPressors.,

I
L3
o

Intercoolgrs and Aftercoolers
t n - e

. : : \ . ' ’ ; . C
\- These are usually shell and tube type heat exchangers and may be ar -
anged to have water flowing through the tubes and air passing over the tubes
or they may be arranged with air flowing through water surrounded tubes.
Their function is to cool the air, either between stages of compression in the
rase of the intercooler, or dfter the (‘omprebston is u)mpleted in thc case of
the aftercooler. . -
-,

The reasons for ooolmg thc air are as follows:  .; . (

B
o 3

: ) .
1. To remove water vapor and oil vapor from the air between compres-
sion stages and'after the last stage.  When the air is cooled, the
water and oil vapors will condense and may thcn be dmm(,d from
the bottom of thc (,()Olbl‘b . _ , .
If the ()il vapor s not rondenbcd and rémoved it will hwc a det-
. rimental effect on air operated insttuments and also may build up
deposits in pipes and reservoirs which may ignite and explode.
) . . .
®- If water vapor is not removed from thc*air then it may collect
_ in pipelines and cause water hammer or damage from freezing.
- Also in the case of air driven toolb and machinery, the water will
wash away lubl rwcating oil from the” machine surfdces ‘
2. Inthe caseof an intercooler, another purpose is’l'o'dccre:\sc the
T amount of power roqunrod to compress the air. Cooling the air
uring compression’ will ¢ ayse the compression to follow more
_ closely torthe 1sothermal process rather than the adiabatic -(See
, Lecture 7, Section 1 for isothermal and adiabatic dvhmtlon.s)
Thwork wqun‘vd for an isothermal compression is less than’
that required for an adiabatic compression. In fact, the use of an
‘intercooler to cool the air between stages of (tompressinn will re-
duce the power required for compression by 15%. For this same
reason, in dddition to using intercoolers, compressors are usually
water jacketed inorder to aid in removing the heat of compression
:lnd soupproach isothermal compresslon. ‘

3. Other purposes in reducing the dir tempor.ltur(- by mecans of coolers

*oare. to make cylinder lubrication more effective, to reduce weak-
"enipg of parts due to high temperatures, and to reduce the possibil-
-ity of explosions of oil vapor mixed with air.

[ 4
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S lntm'mml,cr gl dllmwolc may bha cnthu' lil‘-t(:()()l()ck()_l‘ water=cooled.

o

L]

'I‘hv air-c oolvd typu s normally ased whcn the compressor itself 4s air-
(-oolv(l and it umﬂqm(.&’bf Al Tlmnod mpv thx'uugh which the compr}vsscd air passes | o
' The water-cooled. typo A m(‘ntloned prevnously-‘ is ofshell and tube . o O
" constr uction with either the mmlmg Water passing, through tubw or the com= e
pressed air p.naslng L'hrough .watu' bl.ll'l‘ mndod tubus-. > o
T R O 1L,. -7 :»h()\y"“ a twwstagn gompros.sor wﬂ,h an! imurooulu‘ h;)y;‘,iti{;‘cooling R

- RS

.....

'. . s water Hn’w thx'uugh thc tubt,srmd ’ux} ‘?]ow wx‘ound thc tubc

¥

‘.‘ l ‘.,

&y ) -

,’:,- . :

..let.h A safcty valve :-.prebsu"r' dgages -

lntcronulers should b oI o: ¢
; ‘ ’resscd air mdL and al':so t:hc _"'uomewrs bn '?Lhc

C e and thm‘mom(“ s.onthe.co)
: c()(.)ll.p&, Wdl(,}—; ’hc. L e

N l~ fgr. "'u.s,hows an}fftex'wdlc.r m which the C()mpl sqed au’ ﬂ(')ws thx'()ug s AT

. the” Lulwb and the_c d..)linp; water. n()W‘h- 1 Qund the tubes, s the. air dnbchAt‘ge A
S T the s 1tlmcm it-passes through a cyclone sepil 'lt.OI‘ wherc mowsturc L
i -ami othu* p(u t;l('l(!b m‘wr(,mq),vcd ftmm the air:stream.” :

..v-/\lturvoolb .s li‘k{‘im('rc,qok*nx, au.-mfittui with it oqqurc gugob and :
R thvrnunmw s.and, ‘if thérétisia; Shugsoff* vulvé Botwepn the: afterooolcr- 'md t,he
rvvmw‘r ““the lftvr(‘oéllox‘ mutgr also b(, fittod*wuh a s'nfcty valve :

l :

V-

3 hbuld .ufv'vays he )quipp(ad wighi B pm"uom mﬂ thom stmuld
, t,}f ho\'r:' t’m)ul”«‘t‘ npodsghle. e -




Air Compressor Receivers - . I T :7 : :

An air"recaeiver is 4 pressuregves h(‘l which is used as a l(‘H(‘l‘le‘ ln i
“compressed air system. In ’lddltiorh y acting as a reservoir, it acts’ t dumpm .

- pulsations in thvﬂdiac'har;,u'prvbhum, of areciprocating compressor. X ther' -, v
function of the receiver is to allow moisture and oil partlclt,s?'w settlc oMt from R

the air. The.particles u)lloct at the bottom of thc receiver and are dramc’d RSV
eriodicall : . : . - AR e
l . y . FJ . » . . R . llv-v'f , . . "j.[’ll ;\'-..,"l-
Air receivers may bo. vithm‘ hm~ '/.(mtal or vortlcnl and are dbll.llly ot T e
w o L

wcld(,d construction. i‘hur specifications must conform to the A.S.M.E.
code, Section VI, Pressure Vessels. They are fitted with a safety valvn,
. Pressure [.,'lg,e tdrain valve, Qopbmngs for inspection and cleamng. and ‘8 reg-
ul"ltor connection. RPN _ : , o

}.

- t.iu ‘o . . e,

g ) A vertxcal air recewer is shown ;
\ in Fip; 9 RV S B

L : .
no L : T - (:"J

» .
. -
.

. ¢ There have been cases of air
receciver failure and’thgse are due to
either defective safety yalves of weak-
ening of the vcsgel materxal due torcorz . C
rosion, . LR _-,.;;.-'
. In view of this, safety valves =~ "7 o
should be regularly and frequently bes— S
ted by means of the hand.lever. To" = = ~ _
mjnimize the pOSSlblllty of torrosion, - e
the receiver should be kept drained and - * '
should be regularly, inspected and hydro-
v statically tebted by thre proper authori~ .
ties, . o
After opening an air recelver for
_inspection, the interior should:be thor-
oughly ventilated as there is a possibil-
ity of the presence ofgarbon monuxide . .
- ...gas formed from deposits within the -
" vaessel . ‘Naked lights should be k(,pt
‘away from the vicinity, as carbon -
.._monox3de is a combustible Bus. o




“Air ()ompl‘cssur C()mx:ul L i . ST '

\ i .
The dischar gv flow of QT lr.nm Lhe ()uml)l’vsb(n must be varted to Suids

foud requirements and to m: unt.\uri .1 (on&,t.mt pressure In the system. The
methods used to mntml lh(' (‘()mpg\(mb()r ()ulput md,\ )w gx'nupvd under three
- hmdmg N I . ’ '

1

'y : g " \j e R R A M :

~

S
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‘b

I’E'!-4 6*(12
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.

- or the fuel supply to the internal combustion ngine.
- d('mand for air degreases,

nl~’ V\u_.f;:-: ,.‘».“ Lo ':I[' ‘-.'.""'II'I
l- . btcl] t HY nd bt()l) ( (v)ntl ()l e an :
Y. Variable bpvv(l C ()ntl t)l

3 (,onbtlul bpvcd Contlo]

Start and Stop Control: .

With this mvihml
u'qunud by the system .
is started. This sl.lrtln and stopping can be: donv b\ mvan&'o[ a. pm SHure

swm,h wﬁn h scnses. the! ressure in the” revuwr S I (1
v el - N
L T a9,

thv vompl CsSOr, )

.

For «example,
trol-could be arranged to start the compressor when the! px’essure drops to
650 kPa and to. stop the COmpressor when the pressures riqes to 750 kPa.

e

The start and stop mothod is only usedon moto‘r d'nvon umts and act
large enough receiver should be supplied- 50 that the (,omprcz,sor is not
continuously, starting ard stopping. Also the compressor should be. '!utm
maticeally unloadod durmg thc sturt Up pu‘lod S s _— .

. . . ) . o ' o e

Vafiablc Speed Controi’ = » .. o e,

: / "-a o '. . o
- . -

}
bhul dmcn wlwn,htt’lu o&* n‘l) air is :
, Then when the d(‘mand i\nm'vuac'.«, the (‘()mpl Lw.sm nr

4

B I I

in order to supply a system W1th air at 700 kl’a the con—l -

- The variable’ Specd control metho&‘can be used when thé comprebbnr

“is drwen by a steam engine, a turbme, or an iﬂternal ombus,tion engme

In order to maintdm the sybtem prcssure at 4 constant value thsLw
compresgor is speeded ip or slowed.down according to the systcm iémand .
‘This is done by regulating the steam supply to the steam engine or turbine
If, for exanfple, the
then the ‘reéeiver Yressure wxll incrcasc and
this will cause a pressure actuated control to

-or turbine. On an increased demand for air,

‘the receiver pressum wxll

dx'op~ and thv control will bpu,d up the enginc o_ turbinc

. / .‘ . [ to v

-

(,onstant Specd Control | S L ot )

With this method the (.omprt.ss()r drivm* usually an. electriv motor. |

runs at constant speed at Ml times, But. the output from the compressos ib
vari(,d in accordanoe to thc air demand bv 80M

ow down the driving c*m,nm . :

.

-ype of unloading devico o
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* A mcthod of unlo.nd-in[, whi('h is frcqudntly used with rcoipro(-.ltmg
. .(‘omprcssors is to hold the tompressor inlet valveq in the open pomlinn o
~As a result of this, “the aiv passes frocly«m and out of the compressor.. R '

v

3 ) _cylinavr w1th0ut boing (‘ompress(,d L w : ¢ o
’.u . ) - . , ‘. . Y s .. s .‘ . . . - . . ... .
i .- ‘ ~Inlet Valve .. 72 " ®
. ) ‘- _ .
Einger
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R - Inlet Air Unloadet _ _
R L S . . : ) .
R : co e Fig. 10 - © L ‘
$ L . 5 “ : : . : , .
N N ' oy : ' e :

ST ; LI : : SN _—
e | Fig. 10 shows an inlet valve unloader, This unloader kons:’sts of a set™

of ﬁingorb ‘which can be moved by means of a diaphragm. Wheh the system air ™ _
o wedy o, demnand decréises, tHg recoiver pressure will Mge and when it reaches the . .
“ e e/ cut=out pressure, kx spring loaded pilot valve (hot Shown in the sketch) ;mll e |
w4 togpon and admit; AJr to the underside of the diaplragmN\_As a result, the dia-
' ( e phragn:vmovcs upwardly cauging.the fi A9l to pold open the inlet valve. . 2

!
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AN ) Annthcr mt,th()d pf unln.ldmg, a compressor is to cjose’a valve in the - .. L
~ ssuction line thus shutting Joff the flow of air to the compressor. The valve in * A W

... the suction lind is closed by air pressure when the receiver press jre reaches
© L aset V'illlL This method is aften used in the case of dynamic and rotary typ(,
[T ,-compre&sms . _ o _ . | _
. : ! _ R
Still another methpd of unloadmg. used with reciprocating mpressox§ T
”m'by means of clearance pockets. The greater the clearagee voluxﬁ at the o .
- end of the stroke the less air will be compressed during the followipg. sfr oke. o
“The reéason for this is that when the piston-begins its next stroke, the volume
of air left in the clearande pocket will expand behind the piston andjpartly fill
Lhe cylmdef',athub hmitmg the amount of new air drawn lnto the cyl[lndu '

. R "\

A method which combines the use of a clearance pockct and'inlet valve.

© unloaders- |S shown in Fig, 11 - i
. | ° ST | R
A T - C‘/eamn P . ;
S w0 o |
. ~lapacity \clearance |, ., Capacily \clearance
pockel clased ) - pocket apen) .
| I ~ 1T S I .
I . 50% N o 25% _ _ :
' Capacity (clearance pac/(*f Capacily (clgoronce = : 0% ~
closed, inlet valves apen. i - packet open, nlet Capacity (all inle!
,oncrank end) - - ; volve open crank end ) - valves apen)
. ' | - »
\‘ .: . . . . . . .- ‘ R
. : : Five Step Control
- ' Fig. 11

4
-

Referring to Fig. 1, d4t 100% capacity the clearance pocket is closed
and the inlet valves at each end of the cylinder are not unloaded. At 75% e
capacity the clearance pocket is open and the inlet valves at both ends are still '
not unloaded. At 50% capacity the clearance pocket is ¢losed again but the
/. . inlet valves gt one end are held open by the unloader. . At 25% capacity the ' |
' - clearance pocket isiopen again and the inlet valves at one end are still held '
open by the unloader. Then at 0% capamt,y both sets of inlet '('alveq are held

" open by the unloader . : - .

'
. ‘~. - i o M ' T .
. . : o M -
S o * A ' ‘ , . ‘ | (
. - ! ‘e r

‘ pI‘;”"‘l""G"l"l PR ' oo ’ — . o . v




R ln addition to (()ntr()llmg the output of a (omprvbm)r some b)stom of
protee tive ¢ sontrols should be used .. “A typical two- .stag,,e compressor might
~have an uutnnmkw shutdown (lvvwc whwh would npvmtc dtte to any of the

following: ™ o ¢ S i

1y High lubricating oil tcmper‘atul‘e ,.:f'_’ ' " : o ‘

2. . High 1nwrm)()ler te mperuturc

. e .
_ . -'fl._' ngh (llb(‘hilrgc an‘ t(‘mpe .lt,ut‘c . v .
S
“4.  High dxbchargo aii pressure
5. Low lubricatmg onl prcssure’
6. “lLow lubric ltmg il lcve : . :
T, o Exdessive vxbngt_mn, o Vo _. 5
"% Cylinder lubricator stopped. ‘ o : B .
uunw‘«,bor Lubncahon e . % '
. ul)rl(‘atmg oil is necessary in an air omrwr in order to perform. |
the following functxonb . o R
I, n'l‘o prevent wear by providing 4 film between surfaces
.- To reduce friction and r(‘Sultmg power losg by provxdmg a film
" “between surfaces ‘ s
_ ™. Toremove the heat produced by t'l'ivgon.
4. Toereduce corrosion by providing a coating for metal surfaces
. 5. To provide sealing around piston rings, vancs, valves, etc.
- ) . ) - N
. N - |
' Compressor lubre uatmn- may be divided into two 'main bcctmnb external - |
lubrication and ipternal lubritation.. —_ -
Joxternal ygbrication refers to the lubricating of moving parts which are
T The ¢ :
externnl to the e npr GERTINY ylinder or casing. These parts would include. .
“erankshilt bearings, connecting rod bearings and crosshead on reciprocating
comprossors, and would mclude, rotor shaft bcarings on rotary and dynamic
comprUHBOrS, L :
|nu-rnul lubru ation refers to the prov1dmg of lubricating oil to the
eylinder willls and pistons of reg¢iprocating compressors, and to the vanes (a\d
casing walls in bnme t¥pes ofvr( tary comprdssors.
The dvmnmiv type G %‘%mprgqsor such as the vcntrifugal and the axial .
flow dows not rv.qu;.r-v internal lubrication and this is considered to be an impor -, p
tant uclvuntugc w&,thls typv C .
L .,7 | ' o l’.lf'.: “h-6-15
: ' | “‘.%;\; hl"l‘ . - ) W
. . . . ' ' ) ] ; i
. . ‘ b s N : R ‘
KY “‘ . v . X . . i . , . R
C et o0t 93 T OPY AVAILABLE,
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kxternal Lubri(:ution

‘In the case ot rec iprocating compressors, a prvqsux ¢ system is u:sually
used wherein a pumpm from the compressor shaft delivers oil to the
.erankshaft and connecting rod bearings. The oil is pumped from the crank-
case to-the-bearings and. thén drains back.to the crankcase again.

‘\
\ : . °
\ .

Mor small s single-acting reciprocating compressors the splash system
of lubrication is frequently used. With this method the oil is splashed, dueto.
the movement of the ¢1 .mkshatt to the various bearings. This method pro-
vides internal lubrication at the same time as some oll is splashed to the
¢ylinder walls.

-« 7 With rotary and dynamic type oomprcssm thv rotor shaft bearings
may be ring or chain oyJed but often a pressure. b\stum s used with a pump .
forcing the oil to the bearings  Frequently this pump also suppllcb oil to the
bearings of the steam turbine, gas turbine or ¢lectric motor ‘which is driving

the compressor.
® -

Lubricating oil is generally fed directly to the eylinder walls of recipro-
cating compressors by a mechanical lubricator, driven from the crankshaft or
erosshead sach eylinder may have one or more points to which the oil is

Internal Lubrigation

. pumped u,r‘d cach of these points should be fed by a separate pump unit of the

lubricator’ After the oil enters the evlinder through these feed points, the
compressor piston spreads the oil over the cylinder walls.
’ *9
In the case of a single-acting compressor having the bottom of the cyl-
inder open to the ¢rankease. eylinder lubrication is provided by the oil bcmg

“splashed from the crankeas€ tosthe cyvlinder walls.

In addition to reciprpeating compressors . sliding vane rotary compres-
sors require internal lubrication  This is necessary to prevent metal to metal
contact between vanes and casing and also to provide sealing between vanes
and casing ~ A pressure lubricator is used to supplyithe oil and may discharge.
the oil into the air intake  The air then carries the oil along to the rotating
vancs - The lubricator may also dibchargc the oil directly §o points on the
casing and in some designs the oil is purdged through a longitudinal holc in
the rotor shaft and then through radial holes,to tbc rotor periphery.’

L
]
i
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( " Fig. 12 displays a pressure lubriczi@n". which is belt driven from the =~
' rotor shaft of a sliding vane compressor. , o N

s
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. "~ Pressure Lubricator -

A similar-design of lubricator to\that in Fig. 12, would be used to pro-p
vide cylinder lubrication for reciprocating compressors.

“In regard to the cylindgr oil itself, it is important that ﬁi_suj'_tablc oil be ‘
used and in addition great care must be taken not to introduce too much oil into ‘_ |

T

the cylinder.- =~ - . : 4. ;

9
'

- If_lubricaiion is excessive, particularly with unsuitable oils, .carbon

deposits may be formed upon thé disgharge valves of reciprocating compressors.
. Theke depesits tend to hold the valves open and, as a result, hot high pressure
X air'leaks back into the eylinder during%he suction stroke. This will cause
E higher discharge temperatures and eventually the deposit may become incans
~descent: If a flammable mixture of air and oil mist, due to exoessive oil being:
scraped from the eylinder walls by the piston, is present, then an explosion -
may occur. oo y .

To avoid the above habpening, it is‘:g;dvisablo- to use an oil having the” ©~ =\
' , . least tendeney to form carbon\deposits and:in addition to supply the minimum
amount of this oil ncegssary fox adequate Igbrication.” For additiongl protec- o .
. tion, a temperature controlled shutdown device should be ysed t;?stdp the com- e
. pressor at abnormally high temperaturcs. Alsa, when cleaning compressor " -
/7 A cylinders and valves, combustible products such as kerosene or gasoline must
(‘ .~ not beused. The best cleaning solution is a'mixture of one part of soft soap to
' fiteen parts of water, = AU | ' ' ,
e R S A PE3-4-6-17
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‘at least as large as the compressor intake connection and if the an‘e s ex-
"tremely long then it should be a. larger size than the mtake connect

. I ig. 13 dcplcts the general armngement of piplng from the ol)mpressor - .
to the dftercooler and receiver, . ) , .
N | . ) :
S .o . ' ~ SAFFTY VALVE
N . coumuk AR N . ..
‘ MR LINE -TYPE  THERMOME ma\L - Q (‘a

- For some types of zlpkli ations, it is npcessary to supply dgil-free com-- y
cpressed air. In these o ases if regiprocating compressors are used, they are .t (

of thv self=lubr lcatlngiypu In thig design, the piston rings are nu e of car- ‘
hnn or teflon matgrial and. the cylinder walls are specially polished to provide, .

anextra smooth supface for the rings.to bear against. As the rings are not

hlbx icated they will wegr con‘siderably and some lcakage from one side of the -
piston to the other will result. Another disadvantage of' this type, is that the ' '
pipin;., in the system will bie liable to corrode due to the ﬂbsencc of an oil sogl-.. *

ing or ﬁlm over t,ho inner surface of the p\pmg C e

'l
[
i . '
’ B . ‘ .
\ 4

e
(mmpressox In%tallation R S

An.alr filter’ Should aJways bednstalled in ‘the inlet liné to prevent. dust

and other partitles from being carried into the COMpressor. Where possible, o

the air supplied to the inlet should be outside air and 'the iptake should bé" Joca~ .
ted away from engine or _process exhaust outlets, The'inlet piping should he .

on.

" Thg dibcharge pipe should be at least as large as the compressor_out-
let and it should run directly to the aftercooler or directly to the receiver if
no aftercooler is used./ The line should be run w1th as few bends as possible
and drain valves b{wul be, proxxded at any low spots or pockets. :

. AFTERCOOLER .2 .
. o / W .

' . : : ' INTAKE
et Ce - WATER ~FILTER
THERMOMETER  OUTEET : o .
F : . e @ R
watt R | e miator .
INLFT | / . '
' AUTOMATIC 6"3-‘
MOISTURE TRAIN /7 ; "

GAUGE

REGEIVER

- . '
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starting a (,mnm_v.ssm o ‘

T ’

Tehe Iulluwm;, u) a list-of the general sl('pa mvnlvv(l in the: xln( up ()l

an e compressor. Cllowever, cach: m(hmd'u.ll mie hin¢ will have mok ¢ datailed g ;,
mstructions outlined in the nmnufa( tun-r $ instruction book .wnl tl'( s hh()llld .
be adhered-to: I ' - ce , N oot
. . . ' . . . L | L. ‘.\‘ . . _'v . .
, | (;hv(;k (:x‘:lnkt ase oil level'and ¢ vlm(l( r lubricator o1l level, T
% T4 ) i ' "oy '
L 20 Operate llw ¢ 3l|nrlv| hubricator b\ hand to Mlppl\' some ml l() the ‘e
s eylinder for starting. e e : :
. » . v ’ g *. ’ ' o .
3. Bdl the mmpx eSS0 i few tarns manudllly to distribute the (ylmdc I
,toil and to see that a‘ll Jparts move freely. et : T '
p . \ - * '
. 4. (heck that all leVUb cxtcrndl to the muohlnu are,in the pr Qpcr' -
- posltmn . L - i ,s Lo
. N Lo ] ' ’ . o
o b, (‘hv('k the. unl(mdmg dcv!c to ensure lhdl‘10 machine will start "
' “in an unloaded (,unthlon - . , _ e -
6. Turn on the cooling watcr supply to intercooler, aftercooler, and
cylinder water jackets Make sure that tHase yystems are full -
\ and that water 15 {lowing from the digcharge oytiets. Make sure
. * that compressor eylinders and air.hines are free of water. There '
\ have been cases where water leaking from a rupturgd tube in an - - ,
~intercooler has filled the compréssor cylinder during shutdown. ' ¥
iand this hds resultéd in the dcbtruct’mn of the compressor on
start- up. L e . . . |
)_b 7. Start the motor or: qthvr driver and bring thc un)Lt up to full gpe ed, :
-, Check for .unusual noisc or vibration. , . et
R cﬁ‘ 'k the.lubricator sight fm*d glaz;svs to svc that suth(‘wnt 0il i '
flowing to'the maehine’. . Cu , . . ! -
- b L ‘ ' '
9. Sét the unloading control to autoatic and sce that it operates cor-
rectly when the ady pr ¢ssure I‘("leh(!b the set value.,
v 1.  Adjust the cooling watvr:[qupply to maintain correet t('mpm' iture. T
If the cooling water supply is interrupted or is not sufficient them
‘the intercooler air pressure w1ll rise rapidly. - ¢ . )
. . . . ) . (‘ . -
* ! N ' ’ . S ! o v
bt()pplhg l’mccduxc' - L, - L ' -
' ’ ! . - B ' . ‘,' ’ . o ’
1. Stop th(‘ dt‘leg unit, - , . .o " i .
/ ‘»l ' . :n" ° . o ‘ , . ) A
. 2. Shut off cooling water supply.. _‘ . ] ' -
. '« L . o | o .~}
' 3. I there is any likelihood of frvczlng. thcn molcrs und wate r mc kets g S 1
't must be thumughly'drhlnvd oy ‘

. T | | o | I’l- ~4-6-19
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~_ Alogbook should be usedito reed

~intercooler and discharge air. pressures
tures, ete. In addition, the log book she

¢ carricd out on the maghine such as oil ¢
conditivng 'shou‘ld-b*g noted. in the log boo
. L T D u . ’

' [ ’ Ly .

When air is compressed, its volime is reduced and. its pressure s in-

Ob‘. - '.. .. -“.‘, ‘ N S E
e . ) ;o o .
wd the operitingidetails of the compres-
<sor. Hourly readings should be taken of such items as infet air tempergturd,

Y ] |
iwcooling water Tnlet and outlet tempera--

uld contain details pn maintenapee work:

hanges and fepairs. Also any umusual
k. : e 3 g '

-
e h PR o

.
v . . -

» e Sy

. . ’
ereased. *Also, duc to the heat of compression, the temperature of the air will',

* inerease. If the heat of compression, ¢
removed as quickly as it ig generated, t
*remain copstantand the potver required

+ stahtially reduced. This would be ¢he ‘ideal condition k‘ngiwn as isothermal com »

pression (compression without a change
Section 1. . o
g _ .
‘I_f; on the other hand, *no heat wa
. . g .
sion, then the temperature of the dir wo

ausing fhe rise in temperature could b
hen” the temperature of the dip would .
to drive the compressor would be sub-

in temperature) . Sce ‘Lecture 7, .

c.. 3 .
~ vl : 4o

> e - (. L. N
s rgmoved from the aig during compres-
uld rise to a maximum and the maximin

amount of poWtr would be required top drive the compressor. » This type of coms
pression is known as adiabatic compression (compression without trangfer of

heat). Sce Lecture 7, Sectiog L.
. ‘g ] C '4'. "‘
- Therefore it .can be realized that
because of the lesser amount of powev r

.

n “ . ~

4 ' . Lo ®

. ’ ’ - '~ ‘ .-
isothermal compression.is preferable
qquired to carny ‘out the compression’

In actual practice, isothermal compression cannot be attaired buf it

may be approached to some extent’ by the use of water, jackets and intercoolers

~ -

A
- mal and-adiabati¢ ¢ompression.

The arca to thc.l(‘ft-of the curve

to remove heat from the air during compression. T . .

» [

.The prcs.gﬁr.o—wﬂurhc .dia_p}ru'm 'in_I"ig,. 14 shows the curyes for iso{h(;rw- '

.

in cach case represents the work re--

Cquired durihg the compression. It can-besscen that the area to the left of the

“adighatic curve is greater than the area

to the left of the isothermal curve and

the differenee between the two areas is shown-as a dotted seetiof. This dotted
scction represents the extra work required f(_)r\the adiabatic compression com-

. o
~ pared to the isothermal compression.

By following the adiabatic curve,

<y

the discharge pressure is reached v

carlier during the stroke and therefore the piston acts against this discharge

pressure forga longer time thus "rEq_ui.ring more work.. ~ -

_ { ,
An actual air compréssion curve
licg -someéwhere betwe
13 . ' ‘ )

en the two. 3

‘ . I, .
ts nefither adiabatic or isotheérmal but

T

v

) .‘ . N "
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. : ISoLﬁermal g‘nd Adijabatic Curves .
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Terminology and Definitions o~ AR \ _

? uxprosscd in percent..

o o
.

| Abgolute Pressure is the.gage pgessure plus atmospheric pregsure. At
sea level, atmospheric.pressure is 101.3 kPa so absolute presisure at

sea level is gage pressure plus 101.3 kPa, \
. . /

Compressor Displacement is’the volume swept out by the piston, and is

~expresséd in cubic metres per minite. If the compressor has nfore

than one stage the displacement {s the volume swept out by the first
bf'lp;(' pxbton onlv as’ the same air passes through all stages in bemeb.

. ~

Free Air is air at nm:mdl .ltm().sphm 1(' (ondltlons uushng at th(, (om~
pr ('smn‘\wl(*t. S _ ‘ L Ve .,

¢ ' .

Capacity is the quantity of air cumpr(‘::.svd and delivered by the C()mprobv
sor and this is expressed in terms of me ‘/mln of fre(' air. It is alse known
‘ i free air dvlwvrcd (. ADY) or free air c.lpa('lty e

e

Volumetric E fficwnc-y is the ratm uf (he upac‘ity t'(Qhe diﬁpl‘agement; |

. . . - J, ; :. ' ) ‘ -0 . .
Volumetrie ¥ fficicncy - Chpacity B

'+ Displacement . R

. iR N . Curve L ,
.} . . N o A o T . »
) .  — N\ I * . e .

“~ VYolume of Free Air . ‘ ' * ——t
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lhv capaeity is .llWl\'b I('ss lh.ln th(‘ (hspl.mg m(\p’\t bocause of ¢ I('Al'.m('(' L ( _

- hotween the I’l‘»l‘m and. U“‘ (Vldl\(“ v heads, l(nlkagv thmugh yalves dnd other e Lol
losses .0 S e T es Bl eper e

’ vl' S : . Ca ! “ KRR oo ’

: 5 ) - . R . e . b / ' . . E ;\\ . " .' '..\‘

. 6, .(ompg(-.ssur Pres ﬁllch(xltl() is the gatio of the absoluté _dischnrge“i)-r(iqsurc ) N

, .to the absolute intake pressure, £, o IS Lo

, Y e , ' B L - ' )

l'JH‘ccl ol Altit‘ud('y . .

. ’ ' ’ é v - .

v Ao thv hmght. .1l)qvv 5¢a l(‘wl or .1lt1tutl(‘ inc (‘.lb(‘b thc .lln]()bphCI ic ,, e
predgurce decreases. This maans ‘that a compresso, ‘inst: llh} at a-high altitude C o R
will require achigher (‘omprobblon rativ to produce) the same (thhdl ge pres- Y SR
sure as would o machine inst: 111(,(! .1t sea level.  Rirthe rmore, ‘die to the, fu-t B .
that one b of ait oceupies a ‘greater volume. at higher altitudes than at sen” '
" level, We ompressor, will deliver a lgsser m.lbb og’ .ursWhen opcr ied In loc - ,
tions above sea level, . . o . 7/ e

. a ¢ B . .
. r e, St S .
. - VR ' 7

.

Ellect of M(»iSlurc; ' ) - )

4
.

' Free or 1tm()Sphcm(:‘:ur always ("lrrl()b /m(nstuw as witer vapor,, the
dm(\unt depending:apon the tcmpv rature of the ajr.  Air carrving the maximum
amount of waterat a certain temperature is shid to be saturated Saturdted _ .
air.at normal teriperature and atmospherlc pressiire will conta(ﬁ‘ about 0.5 kg~
of moisture for every 28 m™ of air and this moisture will be carriaqd into the
compressor with- the ‘ll‘. " When the volume. of ghie air-is reduced hy comprcs- . :
-'sion some of thc omturc W°l“ be dcposited : N _ R '-' .

' : e < ' o ST :

: . Itis desirable Lo, remove tho water, from the ar ()lh(\rwnv it will have

- (Ivtnm('ntﬂ effeet on dlr\()p(‘ d((‘d instruments and l()()lh Aqd muy dlb() fr( v.u:
mlh(-alrlmv I'i" o ‘ , | _ o ..

' \ i . . .o . ; . R v‘_-\

N ~ Thesteps. necessany l() get as dr\ air as possnh}c' art jo-use ¢ffic e ot _ -
Sinter-coolexs and an d[tg!jr(uol( r, (h'aming off a5 much water from thesc as ST
possible: then a large air receiver from which'the watér is drained off. Air, . " o
receivers should.also™be Used on the lines where necessarviand small ones ' _
close to where the air is to be used ~ All these must have draingeocks to get = 77 7 -

= rid af thy w 1tm‘ ¢ nll('( ted ¢ " '_ o » ' S

s -

-../‘ o

. , . e :
An, uddit\i(mul ‘method used to obtain drf=adr isto install a dryer imme, o
(diately aften the atr . receiver. Several different designs of drvers are in exs ‘ .
“istence and g typital-type consists of a presgure vessel containing o chemical?
known as u dessicant: - As the compressed air passes through the dessicant.

. L . the moisture is abgorbed and the dried air-then passts into the hVSt('nl CThe "
£ LT (he,mwal d('.s:-m ant must be rupl,u ed purwdioall) o S -0
. -~ . "’ .

|0
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R . Where: d

( Ulllpl»l“».‘)(-)l (,.ll(,ul.ltmns o . L B C
0 L — - e ' . ; T : ' - . S
O D R

. l)lu“lu((-nwnl '-A-__.". e N A / Y 2
i AN T . s .

- . Toscalculite the' ('()nlpl(’bb()l dlspl'l(,('mvnt or }nstun displacement
As it is also called, it is necessary to know dhe inside diameter or bore.
of the eyligder, the length pf the piston stroke and thé number of com-
press ‘s per minute - These all refer to the first stage e \lln(lm Vo
1I"thv s more than one .ht.ir ' ' :

“The displacement por.minute (s equal to the tross seetion: al area
_ . of“the bore times the Tength of stroke times the number of compressing
. . dtrokes per mmute‘\ Jhe displacement is normally given ip culgic metres

: ])0 mlnulv . . RS o . _ ‘“-.,” |
. ’ a . B . « . . .

o,
. . ’ - 13
‘Displacement: . s L
o~ . ,‘ . ) ’ | . . . S 04 39,. .. - ' ‘

. y . . .-..

Narox Ly N BRI .
. v e [ : S

(.\'llndm bore in metres

es e

» I P

. v

laR}

. For a dpuhlu.—ucting compressor,
. per minute is cqual.to twice the rev/min. ‘

. ~

\

Example I

)

/.

- length of stroke 1n metres - Co

number of u)mp'r‘( ssing htrok'(-s' por

. S, ~
. 5\‘_ o . .

S

L]

B . L "
.
. . - .

the number of compressing strokes

»
minute .

For a blnglc~.1ctlrw cumpressor, the Humber of compressing bll()l\.(‘
per, mmuLB is equal to th) rcv/mm. - :

.-

) Caleulate the displacemendt of a. t»mglv-~.u ting rumpnvhsm having a In st
-stage cvllndu' bore of 12 em, @ strokesof 10 em and a hpeed of 900. r;'v/mm.:_

r
“Solution )
'\ . . \ . ‘:'“

J
[ 4

v

..

» Displace.r'n‘ent. in-.m'j/min: PRI ' 3

x 900

%0.0144 x '3.14 x+0,1

’ ‘. ". . . ) . ‘
: N T

) J .
. 1.017Tm r min.
e UL ..

1
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A V'oTumvtrjc Effi(:ienu\t L e e e RO (

,..'0'._.;.' ) - E s CP ,’ "
. S ’ ' :
T TP E ‘ Ab muntmnvd previously, thelaetual frm- air ddlivered by a com- " BRI ¢
o ' ' pre:’:,m* is less than the displacement of the compressbr because ofy = © = 7
i , . dlearance. gid leakage losses. THT ratio “of actual fréeair to the'dis- " %,
e, ph wvmcnt is the, volumctr‘lc cfhown(,y of the Lompr(,bsor » S .
.. R . . [ . o - 4 . . L . y . ) , -
SRR ' N vape I ree Alr Donvm‘ud . e, F T '
. e e o oo Volumetric Efficiepcy = ) L + 8
- e, T T lepld('vmcnt - _ L o
. . s .o i ‘ ot ‘- C . N e o ‘. T . . .' ’
. s S : | ) . \ ) .. . . : e
. o " The free }m' dclwvrcd or cupdcnt\# is dutcrmm(,d by, ¢ actual tesging - .
' - of the (.()mp!‘('bS()r Anq' mc 1buremcnt of its- output o~ e 0 e
(. * M . ) : . ) 1. - . . ‘ . . e "
. . . - . . ” . *
l deplc ' e ' t. . . . . ¥ R . /... v \ . ‘ R ,
' N ' g | b-n} ’
Yo lf the comprebb(hm hxumple 1 actuavlly delnvers 0.8 qu mctres of free
: ' .an per. mlnuto' (:1louldw thv volumctrlo efficnenc\ of the compx‘cssm'. _ o '
; ‘- ’ . -LO N . . . B . . - . " ] : ) - ] ¢ . . ’ . . . - . '
“ Solutibn- o . S S L : 3
— . \ " _ - H
- -l 0.8 ., C o SR e
g 1017 = 0.78(} : or ~« 78.69. (Ans.). . . !
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1 e \compressmn IR S ) S .’

. . . - . . S LY g . . . ; [ Lo :
. . . . . . R . .. . e . L L ~. .
o \ - : ‘ ‘ : S DL "?“7.5' ' o

RN . . ) Lo ) . ; . . R
: !‘( ’ ] . o ! ] : A « : A lhll‘d ¢ ltlh& ,';' i
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.U DOWER ENGINEERING . s Teoted, Lbetl 60

',.":. ) .‘.'

. 1 I)lb(,Ubb the advantdgea dnd d)aadvantagcb of. tho dynamio typc dt
] I oomprebbor as compared to- the po::.itxve dxbpla(,uncnt 'typc S

. R [N
o b . -"\

. - , ,‘, ch(‘l'lb(., thc pr 1nmple of oppmtlon of g '-; P R '.

< R I @) A (entmfug,al (-ompros&mr havm;., d VOluLv cusing wnth dlttuser SRR
' S vapps.. T . : S AN SR T

.

v ,‘ . - .f . ".,‘ “,"v

TR . (b) ~A centnfugal compresbol havmg a volute Cdblng w1th0ut
L P dlfmser vanes. " S

N (a) “List the deblrable eff(,cts of coohng thc, an' dunng and after S e
compressmn L - : , .

.'i'
T
s

L. | 1) Descrlbe thr‘ec m}thods whﬁ:reﬁy the coohng ot‘lthe alr is Lo
o . achieved. o | 3 ST e

'

2 .
P B v
KEY i

P xplains, w1th the a1d of a dnagram how thc work requxred for
Y -' _isothermal Ebmpressxon compareb to that requn‘ed for adiabat;c

‘hL' A
. . 5.7 (a ) Whyis a safety valve ncdessarv on’'an *tftercooler ‘when there
( - - is a ghut-off valvc 1nstallcd betwcen thc aftercooler and &he

_receiver? G e

.(b) . Explain the reason for httmg a, safety valvg, on the mtercoolc

~as‘well as-on thc recenver i SR . ,.:_..-)

N . 6. What regular care and attentlon should mtercoolers aftercoolers, |

' ( ' and receivers be glven? T I S
T (a). Describe the m(\thod of control ysed for'the alr compressor '
' . inthe plan‘t whorc \ou ‘ate empl )cd R

-

. . N ) . v . . . A “ - . - . . . N . . . .
T . . e S e :,'. L L O ‘

Y (2 "chm'lbo thlS (ompressor in regard 0. method of dmve o R
" ) eylinder .1rrangcm('nt mvthod of comprcssmn cto S T T

I

. S 8. (a) Explain the terms cxtcrndl lubrlca fon and mternal ]ubncahon T
. ST and descrlbe how. they are accomphshcd i’ an an' comprcssor, S
Yoo o - (b)Y What special precautlons should b(, taken in CanLCtlon thh

’

AU o l , internal lubricatién? ... T L Ty e 0

L 'What pre :autmns should be ta@n bvforo btdrtmg un eur vomprussor?

R e e (see over)

C - U e T e e
. .o iy : o . R R .. Lt
. :




A -mgle*stage smgle-'u,tmg -?rwaprcwutm;, cd‘mpm.ssor hm '
300-mm l)m*o, a 46 mm stroke and ring, at 2()’0 rov/min. It
ompru.b 2s.qir from an inletpressure of 96 kRatoa dmchar
'of 580-k Pa and ha:, a volumotmc eff;uency of Hz /,.
(Pressurcb 'u'e absolutc).

Y 0.

(b) the compress.or prcssure n‘atno.,..




